Purified, dry DNA and dry nucleoprotein were irradiated with 60Co-y-rays under a nitrogen or oxygen atm osphere. The DNA was isolated from the irrad iated nucleoprotein. In the DNA the following radiation induced changes were investigated: Double strand breaks, single strand breaks and crosslinks between the DNA molecules. An oxygen effect (OER > 1) was found for all of these events except for crosslinks in irradiated DNA. In the nucleoprotein, the oxygen effect is more m arked than in pure DNA.
As criteria for the radiation effect, double and single strand breaks were measured as well as crosslinks formed between the D N A molecules. Moreover, dry nucleoprotein was irradiated. The D NA was sepa rated after irradiation from the protein and exam in ed for radiation induced alterations. In this way the effect of the surrounding protein coat on the radiosensitivitv of DNA can, to a certain degree, be test ed. DNA so lu tio n s w e re tre a te d w ith try p sin 9 T . B r u s t a d , Radiat. Res. 27, 456 [1966] . 10 H . J u n g and H . S c h ü s s l e r , Z. Naturforsch. 2 1 b . 224 [1966] . 11 G. P. v a n d e r S c h a n s and J. B l o k . Int. J. Radiation
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Irr a d ia tio n c o n d itio n s
Samples of 10 mg of pure DNA or 20 mg of nucleo protein were weighed into glass ampoules and evacuated to 1 0 -2 to 1 0 -3 Torr over night in order to reduce the water content of the preparations as far as possible. After filling with twice purified nitrogen or oxygen the ampoules were sealed. In this way a large number of samples could be prepared simultaneously ensuring identical experimental conditions within one series of experiments. The samples were irradiated with a 60Co-y-source {Gammacell 2 2 0 , Atomic Energy of Ca nada Ltd.) at 0 °C at a dose rate of 1 .15 Mrad/h using doses from 1 to 16 Mrad for nucleoproteins and doses of 0.3 to 5 Mrad for thymus DNA. After irradiation the DNA was dissolved in 2 0 ml of 0.01 m NaCl over night and shaken gently for 2 hours. The DNA content of the solution was determined by measuring the ab sorption at 2 6 0 nm. To isolate the DNA from the ir radiated nucleoprotein, the latter was dissolved in 10 ml 0.1 mM NaEDTA over night and treated with trypsin as described above. From this solution the DNA was isolated with phenol as described by C o l t e r et a l.17. The protein content of the DNA obtained was between 1.17 and 5.6 percent. 
19 H . W e i n e r t a n d U . H a g e n , S tr a h l e n th e r a p ie 136, 204 [1968] . 20 T h . C o q u e r e l l e , L. B o h n e , a n d U. Table 1 . P robability of single strand breaks (Pj), double strand breaks (p2) and crosslinks (q2) in DNA generated by 7-irradiation of dry DNA and dry nucleoprotein (N P ), respec tively ( + S.E., n = 16 -28).
fraction were separated into single strands and be came soluble. Thus, radiation induced single strand breaks could easily be determined by sedimentation analysis (cf. methods, 4 .1 ). Bx ist plotted against the dose (Fig. 2) and the probability of breaks px is calculated from the mean slope (Table 1 ) . There is again a distinct oxygen effect. 
R adiation effects on D NA irradiated as nucleoprotein
Even after high doses the whole DNA of the ir radiated nucleoprotein could be dissolved. The de termination of the molecular weight could, there fore, be performed according to the methods out lined in 3 and 4.1. For native as well as denatured DNA the frequencies of breaks and crosslinks show a linear increase with dose (Fig. 3 ) . Table 1 con tains the values of the probability for breaks and crosslinks determined from the slope of the straight line. All radiation lesions show a marked oxygen effect.
Discussion
Breaks and crosslinks in irradiated DNA
From the probability for the various lesions in D N A to occur per rad (cf. Single strand breaks are produced more frequent ly in the nucleoprotein than in pure DNA. Possibly, the energy absorbed in the protein contributes to their formation by radical site m igration. Double strand breaks occur in the nucleoprotein with a sim ilar probability as in DNA and show a linear increase with dose. This indicates, that a double strand break is produced by one single hit and not by a random coincidence of two independent single breaks, as has been observed after irradiation of D NA in dilute aqueous solution 24.
Intermolecular crosslinking of the double strand occurs much less frequently in the nucleoprotein than in pure DNA ( Table 2 ) . The calculated ratios p2/<72 (Table 1) This high probability of crosslinking may be ex plained by assuming the radical sites in irradiated synthetic polymers to migrate until they recombine with another one 26. Possibly such radical site m i gration is impeded in the DNA molecules.
Oxygen effect
From the probability of the various events (Table  1 ) the oxygen enhancement ratios (OER) and their statistical errors (cf. P A R R A T 27) were calculated (Table 3 ) . In dry pure D N A we found a significant sensitization in the presence of oxygen for single and double strand breaks, whereas the frequency of crosslinks was not significantly altered by oxygen. Table 3 . Oxygen enhancem ent ratios (OER) for the various radiation effects in DNA, irradiated as dry pure DNA or as nucleoprotein.
In dry nucleoprotein, there is a distinct oxygen effect for all radiation lesions of DNA studied. The OER-values are higher than in pure DNA, possibly 
